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Abstract 

Background: While it is clear that inbred strains of mice have variations in immunological responsiveness, the 
influence of genetic background following tissue damage in the central nervous system is not fully understood. 
A cortical explant system was employed as a model for injury to determine whether the immediate transcriptional 
response to tissue resection revealed differences among three mouse strains. 

Methods: Immunological mRNAs were measured in cerebral cortex from SJL/J, C57BL/6J, and BALB/cJ mice using 
real time RT-PCR. Freshly isolated cortical tissue and cortical sections incubated in explant medium were examined. 
Levels of mRNA, normalized to p-actin, were compared using one way analysis of variance with pooled samples 
from each mouse strain. 

Results: In freshly isolated cerebral cortex, transcript levels of many pro-inflammatory mediators were not significantly 
different among the strains or too low for comparison. Constitutive, baseline amounts of CD74 and antisecretory factor 
(ASF) mRNAs, however, were higher in SJL/J and C57BL/6J, respectively. When sections of cortical tissue were incubated 
in explant medium, increased message for a number of pro-inflammatory cytokines and chemokines occurred within 
five hours. Message for chemokines, IL-1a, and COX-2 transcripts were higher in C57BL/6J cortical explants relative to 
SJL/J and BALB/cJ. IL-1p, IL-12/23 p40, and TNF-a were lower in BALB/cJ explants relative to SJL/J and C57BL/6J. Similar 
to observations in freshly isolated cortex, CD74 mRNA remained higher in SJL/J explants. The ASF mRNA in SJL/J 
explants, however, was now lower than levels in both C57BL/6J and BALB/cJ explants. 

Conclusions: The short-term cortical explant model employed in this study provides a basic approach to evaluate 
an early transcriptional response to neurological damage, and can identify expression differences in genes that are 
influenced by genetic background. 
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Background 

Inbred strains of mice with identical or nearly identical 
genotypes have been developed and used extensively in 
experimental research. They provide a valuable means 
to study genetic influence on various biological determi- 
nants. Susceptibility to, or the severity of, experimental 
models of neurological disease and injury is often strain- 
dependent [1-3]. In such systems, inflammatory media- 
tors and immunological activation are recognized as key 
factors. Gene linkage analysis of hybrids from two 
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strains of mice and rats have implicated many immuno- 
logically relevant genes that may regulate in clinical sus- 
ceptibility or severity [2,4-15]. 

SJL/J mice are a strain commonly used in animal mod- 
els of neurological disease. Variations in immune respon- 
siveness have also been well defined between C57BL/6J 
and BALB/cJ mice in non-CNS tissues. It is not fully 
known whether the immediate response to injury in CNS 
tissue differs among these strains. A simple ex vivo sys- 
tem was devised to address this. The transcriptional 
response of inflammatory-related genes was measured in 
cerebral cortical tissue that was incubated in explant 
medium for less than five hours from resection. The 
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inflammation-related transcriptional targets selected for 
analysis were based on their previously documented 
involvement in models of neurological disease and injury 
[16-18]. This included pro-inflammatory cytokines, 
chemokines, CD74, and antisecretory factor. CD74 is 
differentially regulated among inbred strains following 
CNS injury [4,19]. Antisecretory factor is an understu- 
died molecule with anti-inflammatory activity that has 
been implicated in severity of experimental autoimmune 
encephalomyelitis [20], a model system known to exhibit 
well established strain-dependent variability [21,22]. In 
this study, the levels of mRNAs were compared in freshly 
isolated cerebral cortex and cortical explants among 
three mouse strains. A classic injury response of pro- 
inflammatory mediators was observed in cortical 
explants, yet differences based on genetic background 
were also observed. 

Methods 

Animals 

The Institutional Animal Care and Use Committee at 
Dartmouth College approved all experimental protocols. 
All mice were obtained from Jackson Laboratory (Bar 
Harbor, ME). SJL/J (n = 11), C57BL/6J (7), and BALB/cJ 
(11) strains were housed at Borwell Animal Facility for 
several weeks before use in cortical explant experiments. 
All mice were female with an average age of 3.9 ± 0.6 
months. Only female mice were used in this study to 
avoid gender differences that are well documented in 
the SJL/J strain, for which a polymorphism on the Y 
chromosome has been implicated [23]. 

Cortical Explants 

Mice were euthanized via halothane over-exposure and 
then decapitated. Brains were removed and set in an 
acrylic brain matrices (Braintree Scientific, Braintree, 
MA) where two 1-mm-thick coronal sections positioned 
within 2 mm from either side of bregma were cut using 
a razor blade. Cortex was dissected at the corpus callo- 
sum and the midline producing four sections per mouse 
brain. One section of cortex was processed for RNA iso- 
lation immediately to determine basal mRNA levels. 
Other sections of cortical tissue was placed in individual 
wells of a 48-well Falcon tissue culture plate containing 
0.5 ml of pre-warmed DMEM/High Glucose medium 
(Thermo Scientific HyClone, Rockford, IL ) supplemen- 
ted with fetal bovine serum (FBS; 10%; Thermo Scienti- 
fic HyClone), L-glutamine (2 mM), and penicillin (100 
units/ml)/streptomycin (100 ug/ml). Explants were 
placed in a humidified incubator at 37°C with 5% C0 2 
for designated times. The elapsed time from euthanasia 
to commencement of incubation of cortical explants 
was less than ten minutes. 



Quantitative real time reverse transcription (RT)-PCR 

Cortical explants were stored immediately in RNAlater 
solution (Invitrogen, Carlsbad, CA) for one day at 4°C and 
then stored at -80°C until RNA isolation. RNA was 
extracted using TRIzol Reagent (Invitrogen). Eluted RNA 
was quantified by spectrophotometry and 1 ug was 
reverse-transcribed using qScript cDNA SuperMix 
(Quanta Biosciences, Gaithersburg, MD). Quantitative 
real-time PCR was performed using PerfeCTa SYBR 
Green FastMix with low ROX (Quanta Biosciences), 4 ng 
sample cDNA, and 300 nM of a RT-PCR primer set (IDT, 
San Jose, CA) listed in Table 1. Settings for analysis using 
an ABI 7500 machine were as follows: initial denaturation 
(95°C/3 min) was followed by 50 cycles of denaturation 
(95°C/15 s) and primer annealing (60°C/45 s). A melt 
curve was performed on all samples for quality control. 
The relative quantity of gene expression was analyzed by 
the 2'" AACt ' method with normalization to the endogenous 
control P-actin. 

Results 

Baseline levels of immunological mRNA in SJL/J cerebral 
cortex 

Freshly isolated sections of cortical tissue from SJL/J mice 
were immediately processed for RNA to determine base- 
line levels of fourteen immunological transcripts. P -actin 
mRNA tissue levels served as a reference amount. All 
were lower with messages for chemokines, IL-lot and p, 
IL-6, and IL-23 less than 0.1% of P-actin levels (Table 2). 

Comparison of constitutive mRNA levels in cerebral 
cortex from three mouse strains 

Levels of immunological transcripts in freshly isolated 
SJL/J cerebral cortex were compared to baseline levels in 
freshly isolated C57BL/6J and BALB/cJ cortices. 
Amounts of CD74 and antisecretory factor (ASF) mRNA 
differed (Figure 1). CD74 in C57BL/6J and BALB/cJ were 
lower than 50% of that in SJL/J tissue. ASF was 30% 
higher in C57BL/6 relative to SJL/J and BALB/cJ tissues. 
No significant differences in constitutive expression of 
COX-2 (one-way analysis of variance; P = 0.7), TNF-a 
(0.1), IL-12 p35 (0.08), or CiiTA (0.6) were found. Base- 
line levels of chemokines, IL-la and p, IL-6, and IL-23 
were negligible (see Table 2) and considered too low to 
reliably compare among strains based on the detection 
limits for real-time RT-PCR. 

Immunological transcriptional response in SJL/J cortical 
explants 

Tissue levels of mRNA in sections of cortical tissue from 
SJL/J mice incubated in explant medium were expressed 
as a fold difference relative to baseline levels in freshly 
isolated SJL/J cerebral cortex. The quantity of eleven 
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Table 1 Oligonucleotide primer sets used in quantitative real time RT-PCR analysis 



Sense Primer Sequence 



Amplicon Assession# Name 
Size 



P-Actin 


Forward 


GGCTGTATFCCCCTCCATC 




Reverse 


ATGCCATGTTCAATGGGGTA 


ASF 


Forward 


CAGATCGGCTAGGCCATGCAGA 




Reverse 


GGCTGAGCTGGCATCCATGTGA 


CCL2 


Forward 


ACCACCATGCAGGTCCCTGTCAT 




Reverse 


AGCCAACACGTGGATGCTCCAG 


CCL3 


Forward 


ACCAGCAGCCTFTGCTCCCA 




Reverse 


TCCTCGCTGCCTCCAAGACTCT 


CCL4 


Forward 


TGCTCGTGGCTGCCTTCTGT 




Reverse 


TGTGAAGCTGCCGGGAGGTGTA 


CD74 


Forward 


CATGGATGACCAACGCGAC 




Reverse 


TGTArAGAGnTCACGGrTG 


CiiTA 


Fnr\A/;s rH 


GrATGTTGrArArrAGCTCTn" 




Reverse 


ACGCCAGTCTGACGAAGGTCCA 


LUA-z 


Forward 


LAbALAALA 1 AAAL 1 bLbLL 1 1 




Reverse 


GATACACCTCTCCACCAATGACC 


IL-lct 


Forward 


TACTCGTCGGGAGGAGACGACTCT 




Reverse 


TCCTTCAGCAACACGGGCTGGT 


IL-ip 


Forward 


CCTFCCAGGATGAGGACATGA 




Reverse 


TGAGTCACAGAGGATGGGCTC 


IL-6 


Forward 


GAGGATACCACTCCCAACAGACC 




Reverse 


AAGTGCATGATCGTFGTTCATACA 


IL-12 P3S 


Forward 


GCATGCTGGTGGCCATCGATGA 




Reverse 


GCGTGAAGCAGGATGGAGAGGT 


I L- 12/23 


Forward 


TGTGCTCGTGGCCTGATCCAGT 


P40 








Reverse 


CGCAGCCCTGATTGAAGAGCTGT 


IL-23 P19 


Forward 


TATGGCTGTTGCCCTGGGTCACT 




Reverse 


GCATGTGCGTFCGAGGCTAGCA 


TNF-a 


Forward 


CAAGGGAGAAGGCTGCCCCG 




Reverse 


GCAGGGGCTGTFGACGGCAG 



141 bp NM_007393.2 actin, beta, cytoplasmic 

81 bp NM_008951.1 antisecretory factor 

75 bp NM_01 1333.3 chemokine (G-C motif) ligand 2 (MCP-1) 

141 bp NM_01 1337.2 chemokine (G-C motif) ligand 3 (MIP-1 alpha) 

99 bp NM_01 3652.2 chemokine (G-C motif) ligand 4 (MIP-1 beta) 

101 bp NM_010545.3 invariant polypeptide of major histocompatibility complex, class 
II antigen-associated 

135 bp NM_007575.2 major histocompatibility complex class II transactivator 

71 bp NM_01 1 198.3 prostaglandin-endoperoxide synthase 2 (Ptgs2) 

107 bp NM_010554.4 interleukin 1 alpha 

71 bp NM_008361.3 interleukin 1 beta 

141 bp NM_031 168.1 interleukin 6 

130 bp NM_008351.1 interleukin 1 2, alpha subunit p35 

91 bp NM_008352.2 interleukin 1 2,23, beta subunit p40 

1 18 bp NM_031252.2 interleukin 23, alpha subunit pi 9 

109 bp NM_01 3693.2 tumor necrosis factor alpha 



transcripts changed within five hours of incubation 
(Table 3). Chemokines and pro-inflammatory cytokines 
increased in cortical explants with the exception to the 
p35 subunit of IL-12. Message for ASF decreased in a 
time-dependent manner (Figure 2). 

Comparison of mRNA levels in cortical explant from three 
mouse strains 

Sections of cortical tissue from SJL/J, C57BL/6J, and 
BALB/cJ mice were incubated in explant medium for 4.5 
hours. Immunological transcripts in cortical explants from 
these strains were determined and expressed as a percent 
of the amount in SJL/J - i.e., for this interstrain compari- 
son the transcript amount for the moieties studied were 
calculated using the levels found in SJL/J explants as the 
standard. Transcripts for many pro-inflammatory media- 
tors and antisecretory factor revealed differential tissue 
levels among strains (Figure 3). C57BL/6J explants had 



higher mRNA amounts for chemokines and IL-la relative 
SJL/J and BALB/cJ explants. IL-lp, TNF-a, IL-12/23 p40, 
and COX-2 revealed a similar profile with SJL/J and 
C57BL/6J having similar amounts that were higher than in 
BALB/cJ explants. No significant difference in abundance 
of IL-6 (one-way analysis of variance; P = 0.6), IL-12 p35 
(0.07), IL-23 pl9 (0.4), CiiTA (0.1) mRNA were observed 
among these strains. Since strain differences in CD74 and 
ASF mRNA were found in freshly isolated cortex and in 
cortical explants, fold differences within each strain was 
evaluated. CD74 mRNA was down-regulated in C57BL/6J 
and BALB/cJ, but not in SJL/J explants relative to baseline 
levels, while ASF was down-regulated by varying degrees 
in all three strains (Figure 4). 

Discussion 

The data reported in this study establish that differences 
in the immediate gene response to damage of central 
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Table 2 Baseline levels of mRNA in SJL/J cerebral cortex 



mRNA Relative amount (% P-actin) 



p-actin 


i nn 

1 UU 


ASF 


1 -1 




T 
Z 




1 
1 


TNF 


n a 


IL-12 p35 


0.4 


CiiTA 


0.4 


CCL4 


0.09 


IL-lo 


0.08 


CCL3 


0.06 


CCL2 


0.02 


IL-ip 


0.02 


IL-6 


0.01 


IL-23 p19 


0.009 


I L- 12/23 p40 


0.002 



Freshly isolated cortical tissues were processed for RNA. Pooled cDNA samples 
from eleven SJL/J mice were measured in replicates of at least three. Amount 
of each mRNA was expressed as a percentage compared the average p-actin 
mRNA levels. 



nervous system (CNS) tissue occur among mouse 
strains. Message for several genes involved in CNS 
injury and neurological diseases with autoimmunity or 
chronic innate immune activation were strain-depen- 
dently altered. Short-term explants of cortical sections 
provided a reliable system for defining immunologically 
relevant transcriptional changes in CNS tissue and the 
model may serve as a cost-effective method to test novel 
immunomodulating pharmaceuticals. 

One millimeter-thick explants of adult cerebral cortex 
were used in this study. Acute CNS explants of this 
thickness have been previously demonstrated to induce 
pro-inflammatory mRNA expression consistent to the 
temporal profile observed following injury in vivo [24,25]. 



The production of immunologically relevant mRNAs is 
likely caused by a combination of tissue damage at the 
periphery of the explant due to tissue sectioning and 
axotomy of projection neurons throughout the explant, 
and some undefined amount of ischemia in the center of 
the explant. Pro-inflammatory mRNA increase occurs in 
cortex within hours following lesioning [26] or ischemia 
[27,28] in vivo. Since there were no established foci of 
inflammation in the tissue prior to sectioning in our 
explant model, the influence of the miniscule number of 
leukocytes in the vasculature would contribute only mar- 
ginally and is limited to the residual cells in the vascula- 
ture at the time of sectioning. Therefore, the extent of 
the measured pro-inflammatory response is predomi- 
nantly by resident CNS cells. 

Pro-inflammatory cytokines and chemokines expres- 
sion are activated in cells of the monocyte/macrophage 
lineage in the innate response to injury or infections. 
Microglia are considered the primary cell type within the 
CNS parenchyma that carry out this function. Pattern 
recognition receptors recognize specific molecules 
released from damaged host cells or foreign microbes 
leading to the activation of transcription factors that 
induce transcription of certain inflammatory genes. Sec- 
tions of cerebral cortex incubated ex vivo in explant 
medium were demonstrated to increase mRNA for pro- 
inflammatory cytokines and chemokines within five 
hours. The constitutive amounts in uninjured cortical tis- 
sue were mostly very low and transcripts that could be 
confidently quantified did not differ significantly among 
mouse strains. However the amount measured in cortical 
explants from these strains was different for several of 
the transcripts suggesting strain-related alterations in 
their induction. The chemokines evaluated were CCL2 
(MCP-1), CCL3 (MlP-la), and CCL4 (MIP-1|3). These 
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Figure 1 Comparison of baseline mRNA levels in cortex among mice. Differential expression of baseline, constitutive CD74 and antisecretory 
factor (ASF) mRNAs in cerebral cortex among mouse strains. RNA was isolated from resected cortical tissue immediately, p-actin was used as a 
reference mRNA and values were expressed as percent amount relative to SJL/J cortex + SEM. Pooled cDNA from SJL/J (n = 1 1), C57BL-6J (7), 
and BALB/cJ (1 1) mice were measured in replicates of at least three. Thinner line = P < 0.01 and thicker line = P < 0.001 between strains, 
Newman-Keuls multiple comparison test. 
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Table 3 Change in mRNA levels in SJL/J cortical tissue after incubation in explant medium 


mRNA 


Fold difference in explants at 4.5 hrs (relative to freshly isolated cortex) 


Significance (unpaired t test) 


CCL4 


912 


P < 0.001 


CCL3 


518 


P < 0.001 


I L- 12/23 p40 


159 


P < 0.001 


IL-1B 


98 


P < 0.0001 


L-6 


55 


P < 0.0001 


IL-ltx 


50 


P < 0.001 


CCL2 


15 


P < 0.01 


TNF-a 


13 


P < 0.001 


COX-2 


3.9 


P < 0.0001 


IL-23 pi 9 


3.3 


P < 0.01 


IL-12 p35 


1.1 


NS 


CD74 


0.90 


NS 


CiiTA 


0.61 


NS 


ASF 


0.58 


P < 0.001 



Freshly isolated cortical tissue and cortical tissue incubated in explant medium for 4.5 hours were processed for RNA. Transcript levels were referenced to p-actin 
mRNA levels. Values were expressed as fold difference in explants relative to freshly isolated cortex. Pooled cDNA from eleven SJL/J mice were measured in 
replicates of at least three. NS, not significant. 




0 12 3 4 

Incubation Time in Hours 




Incubation Time in Hours 

Figure 2 Change in mRNA expression in cortical explants over 
time. Time-dependent change in CCL4 and antisecretory factor (ASF) 
mRNA expression in SJL/J cortical explants. RNA was isolated from 
resected cortical tissue after incubation in explant medium for 0, 0.5, 
2, and 4.5 hours. Transcript levels were referenced to p-actin mRNA 
levels. Values were expressed as fold difference relative to freshly 
isolated cortex (baseline) + SEM. Pooled cDNA from SJL/J mice (n = 
4) were measured in replicates of four. * = P < 0.05 and ** = P < 0.01, 
relative to 0 hours, Dunnett's multiple comparison test. 



transcripts were found in increasing abundance in BALB/ 
cj, SJL/J, and C57BL/6J, respectively. Interestingly, the 
abundance of IL-la and COX-2 mRNA revealed a similar 
pattern to the chemokines suggesting these inflammatory 
mediators could have a common regulatory mechanism 
that is distinct among these mouse strains. Messages for 
IL-ip and TNF-a were similar in SJL/J and C57BL/6 
explants, but higher than BALB/cJ. Taken together, BALB/ 
cj appears to have a dampened immunological response to 
tissue damage in cerebral cortex. 

Expression of genes associated with autoimmunity was 
also examined in this study. Experimental autoimmune 
encephalomyelitis is a widely studied autoimmune model, 
and involves infiltration of CD4+ lymphocytes and immu- 
nological activation of microglia within the CNS 
[21,22,29]. Although MHC class II haplotype and its bind- 
ing to specific myelin autoantigen play a pivotal role in 
this model, non-MHC class II effectors are also implicated 
[30]. BALB/cJ is EAE resistant while SJL/J and C57BL/6J 
are susceptible [2,3,31]. Cytokines IL-12 and IL-23 are 
implicated in the pathogenesis of autoimmune diseases 
including EAE [17]. The p35 subunit of IL-12 and pl9 
subunit of IL-23 form respective cytokines with a common 
p40 subunit. Blocking the IL- 12/23 p40 subunit with inhi- 
biting antibodies is effective in non-CNS autoimmune dis- 
eases such as psoriasis [32]. In cortical explants, the p40 
mRNA was upregulated. Its levels were considerably lower 
in the resistant BALB/cJ explants. This suggests that 
inherent difference within the CNS tissues may contribute 
to strain susceptibility to autoimmunity. 

Antisecretory factor (ASF) has been shown to affect the 
severity of EAE. Blocking its activity with an inhibiting 
antibody increases clinical severity implying it has an 
anti-inflammatory property [20] . Our results showed that 
differences in ASF mRNA expression occurred in normal 
cortical tissue and in cultured cortical explants. C57BL/6J 
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Figure 3 Comparison of mRNA levels in cortical explant among mice. Differential expression of immunological mRNAs in cortical explants 
among mouse strains. RNA was isolated from resected cortical tissue after incubation in explant medium for 4.5 hours, p-actin was used as a 
reference mRNA and values were expressed as percent amount relative to SJL/J cortical explants + SEM. Pooled cDNA from SJL/J (n = 11), 
C57BL/6J (7), and BALB/cJ (1 1) mice were measured in replicates of at least four. Dotted line = P < 0.05, thinner line = P < 0.01, and thicker line 
= P < 0.001 between strains, Newman-Keuls multiple comparison test. 



mice had high constitutive ASF mRNA. Its levels 
decreased after injury in cortical explants in each strain, 
but to a lesser degree in BALB/cJ. This supports the 
hypothesis that higher amounts of ASF due to genetic 
background may contribute to EAE resistance. 



Antigen presentation by MHC class II is critical for 
many autoimmune diseases. CD74 (invariant chain, Ii) 
acts as an MHC class II chaperone [33,34]. CD74 mRNA 
was higher in SJL/J cortex relative to BALB/cJ and C57BL/ 
6. A similar trend among these strains was reported in 
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Figure 4 Change in mRNA expression in cortical explants among mice. Change in CD74 and antisecretory factor (ASF) mRNA in cortical 
explants in mouse strains. RNA was isolated from freshly resected cortical tissue (baseline) and cortical explants after incubation for 4.5 hours. 
Transcript levels were referenced to p-actin mRNA levels. Values were expressed as fold difference relative to baseline + SEM. Pooled cDNA from 
SJL/J (n = 1 1), C57BL/6J (7), and BALB/cJ (11) mice were measured in replicates of at least three. * = P < 0.05 and ** = P < 0.01, relative to 
baseline, unpaired t test. 
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facial nucleus two weeks following facial nerve axotomy 
[19]. Our study revealed that higher levels were found in 
uninjured cortex and that these differences were increased 
further in explants due to down-regulation in C57BL/6J 
and BALB/cJ tissues. CD74 also mediates transcription by 
NF-kB [35,36] and regulates dendritic cell migration [37]. 
This suggests its altered expression among strains could 
influence a wide range of effects. 

Now, identifying the inherent genetic polymorphisms 
that control the variations in transcriptional response to 
an injury stimulus among strains is important for under- 
standing genetically variable responses to a spectrum of 
neurological disorders. Approaches such as quantitative 
trait locus analysis and/or haplotype-based computational 
genetic mapping can be utilized with the cortical explant 
model. Haplotype-based computational genetic mapping 
has recently pinpointed genetic variation of Nalpl as a 
contributor to interstrain differences in the inflammatory 
response to injured skin [38]. It is important to recognize 
that the involvement of multiple genes may be required 
and that such analyses will likely require data from addi- 
tional strains and transcripts. 

Conclusions 

The genes expressed differentially in cortical explants 
derived from disparate strains of mice reveal that 
genetic background can influence immediate response 
to neurological damage within the CNS. The straightfor- 
ward approach described in this study may help uncover 
the inherent regulatory mechanism that control altered 
immunological responsiveness and perhaps neurological 
disease susceptibility in future studies. 
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